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Summary 
1. Salmon catch data from the Castle Fishery on the River Derwent 
was analysed for the period 1923 - 1989. From 1923 - 1937 catch 
data was available in the form of total catch per month, from 1938 
- 1987 the date, length, weight and location of capture of each 
fish was provided and for 1988 and 1989 the total catch for each 
year had been recorded. 
2. The Castle Fishery for the period 1950 - 1989 could be described 
in relation to the total declared catch for the River Derwent by 
the relationship: 
Castle Fishery Catch = Derwent Catch °-934 
3. Through the time period there was considerable variation in 
catch .between years. The trend was for the catch to increase 
steadily over the period 1923 - 1958, declining rapidly in 1959. 
After which catches increased steadily reaching a peak in the mid-
sixties, before declining towards the end of the decade. 
During the seventies and eighties catches remained relatively 
stable at between 300 - 600 salmon per year until 1988 when over 
2000 salmon were reported caught, the greatest number in any year 
over the study period. 
4. Over the time period the proportion of multi-sea winter salmon 
(>9.51bs) decreased from approximately 80% of the catch to around 
20%, with a commensurate increase in the proportion of one sea 
winter salmon (£9.51bs). 
5. The timing of catches showed a cyclic periodicity. The time at 
which 75%, 50% and 25% of the catch was taken during the 1920s -
1940s was later than during the 1950s - 1970s. The trend in the 
1980s seems to be for the catch to become later. The variation is 
between 2 - 4 weeks. 
6. Catch was directly related to flow and over the period 1961 -
1987 daily flow was found to account for between 6.2% - 48.9% of 
the variation in daily catch, for the months June - October. 
7. The best flow for catching salmon differed between months, being 
30 cumecs in June, 40 cumecs between July - September and 20 cumecs 
in October. 
The relationship between catch and flow was modelled allowing the 
impact of reducing flows to be evaluated. 
8. Salmon catch data available from the Coops Fishery for the 
period 1948 -1956 showed a similar pattern to that of the rod 
fishery over the same period. 
9. The relationship between movement pass Yearl Weir, catch and 
flow was examined. For the period June - September, percentile 
count exceeded percentile catch for flows less than about 35 
cumecs, while in October the pattern was reversed. This may reflect 
changes in catchability or in the amount of effort expended at low 
flows. 
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AN ANALYSIS OF SALMON ROD CATCH DATA FROM CASTLE 
FISHERIES, RIVER DERWENT, 1923 - 1989. 
I. Introduction 
Except in a few instances the only measure of the status 
of the adult migratory salmonid population, in a 
particular river system, is the catch. Catch, however, 
only provides a sample from within the fishing season 
and its ability to reflect the abundance of the total run 
of adult fish into fresh water is uncertain. 
Certain studies have shown that catch is directly 
(linearly) related to abundance (Beaumont et. al., 1991; 
Solomon & Potter, 1991) but others have found that this 
is not always the case (Gardiner, 1991). Catch has also 
been shown to be dependent on environmental factors and 
in particular flow (Alabaster, 1970; Bunt, 1991; Clarke 
et. al., 1991; Gee, 1980; Millichamp & Lambert, 1966). In 
addition to both abundance and flow the other main 
factors influencing the catch of migratory salmonids are 
effort (Mills et. al., 1986) and the type of gear. The 
significance of including effort data in relating catch 
and abundance can be clearly seen from the studies of 
Gardiner (1991), Peterman & Steer (1981) and Small 
(1991). However, no study was found which had documented 
the efficiency of the gear and the type of lure used. The 
availability of nylon (monofilament) fishing line in 
the 1950s is often considered to have increased 
efficiency; with regard to the lures, fly fishing is 
believed to be the least effective of the various types 
of lure used, especially compared with prawn, worm and 
spin. 
Even with these reservations and in the absence of any 
other data, catch data are generally taken to be 
representative of the stock of adult migratory salmonids 
in fresh water. Such data have been used to suggest 
changes in stock size, it's composition and time of entry 
into fresh water (Churchward & Hickley, 1991; Dunkley, 
1986; Shearer, 1992; Wessex Water, 1986). Where there has 
been some measure of effort, the analysis has pointed to 
changes in the abundance of the various sea age 
components of the stock (Bielak & Power, 1986; Gee & 
Milner, 1980). 
The aim of this study was to investigate the historical 
catch record from the Castle Fishery on the River Derwent 
over the period 1923 - 1989, to determine if changes had 
taken place in the composition of the catch and to 
examine the influence of flow on the performance of the 
fishery. 
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II. Study Area 
The River Derwent (Figure 1) is situated in West Cumbria, 
North West England. It flows from its source on Scafell 
Pike (NGR NY 229 089) westwards discharging into the 
Irish sea at Workington, a distance of 52 km. Over its 
length it receives water from an additional 214 km of 
stream, 5 large lakes and approximately 30 small tarns. 
The catchment drains a total area of 663 km2. 
The catchment upstream of Bassenthwaite Lake consists 
mainly of hard, impermeable rock from the Oridivean 
period . There is a trend towards younger , more 
permeable and softer rock (Carboniferous limestone, 
Millstone grit and coal measures) towards the coast. In 
the upper catchment there is little/no drift, mainly 
exposed rock. Drift thickness increases towards the coast 
consisting mainly of boulder clay in the foot hills of 
the lakes with sand and gravel dominating near the coast. 
The major land use in the upper catchment is sheep 
rearing, with a mixture of arable and grazing in the 
lower catchment. The main industrial area is at 
Workington where a small port operates. 
The geology dictates rapid run off and high variability 
in flows. This is illustrated in Table 1. which shows the 
percentile flow during the main fishing period. 
Table 1. Exceedence flows for the period June to October. 
Months 
June 
July 
August 
September 
October 
All Months 
Flow (cumecs) at 'Q' value: 
Q50 
7.78 
8.19 
11.80 
17.13 
24.45 
12.60 
Q75 
4.58 
4.91 
6.21 
8.97 
13.07 
6.49 
Q90 
2.85 
3.09 
3.48 
5.01 
7.44 
3.57 
Q95 
2.14 
2.35 
2.46 
3.53 
5.31 
2.50 
Q99 
1.25 
1.40 
1.28 
1.83 
2.82 
1.28 
The main area under investigation is that of Castle 
Fishery, which operates a rod and line fishery from 
Bassenthwaite Lake downstream to Workington a distance of 
some 30 km. In addition to the recreational fishery, 
Castle Fishery operate a commercial fishery at the Coops. 
This fishery consists of a box trap situated in the 
middle of a weir. 
_ z, _ 
Figure 1. The location of the Derwent catchment with the position of the Coops Fishery, 
Camerton gauging station and Yearl fish counter indicated. 
III. Materials and Methods 
The Castle fishery operate both recreational and 
commercial migratory salmonid fisheries, for which the 
catch records for the period 1923 - 1989 were made 
available for analysis. 
For the rod and line salmon fishery, data was available 
from 1923-1937 in the form of total catch per month, 
while from 1938-1987 the date, length, weight, location 
of capture of each fish was provided. 
For 1988 and 1989 only the total catch for each year had 
been recorded. No data were available for the years 1990 
and 1991 and the catch for these years has been 
estimated using the relationship between the Castle 
Fishery catch and the declared catch for the whole 
Derwent obtained from rod license returns to the N.R.A 
and its predecessors. This latter data extends back to 
1950. 
The catch records from the commercial salmon fishery at 
the Coops used in the analysis covered the period 1948-
1956 and for each salmon caught, its weight and the date 
caught were available. 
The daily catch was standardized as follows: 
Data was available on the age of fish caught between 
1938-56. The ageing had been carried out using scales by 
a number of eminent biologists including Dr. J. W. Jones. 
Summary sea age information was provided for the years 
1923-1937. This was in the form of percentage grilse, 
"spring" /'summer" and previous spawners, for each year's 
catch. The categories "spring" and "summer" together with 
the previous spawners were combined and classified as 
multi sea-winter salmon. Discriminant analysis was 
carried out on the 1938 - 1956 data in order to determine 
the weight which most effectively classifies the fish as 
either one sea winter or multi sea winter salmon. This 
weight was then used to categories the catch in those 
years where age data were not available. 
Flow data was obtained from the gauging station at 
Camerton for the period 1961 to present. 
The daily number of fish migrating upstream passed Yearl 
Weir have been recorded using a resistivity fish counter. 
However reliable estimates were only available for 
certain months in the period 1980-1982. The fish were 
separated into fish greater than 41bs (1.82kg) and 
classed as salmon and those less than 41b being classed 
as sea trout. This was determined from the size of the 
electrical signal produced as the fish cross the 
electrodes. 
Analysis of the data was carried out using the 
statistical package Minitab. 
IV. Results 
IV.A. Relationship between Castle Fishery recorded catch 
and the declared catch for the whole Derwent:-
The relationship between the Derwents' total annual catch 
and the Castle fisheries, between 1950 -1989, is shown in 
Figure 2. Except for the years 1950, 1951, 1981, 1983, 
1988 and 1989 the Castle fishery catch was less than the 
declared catch. If 1988 is excluded, the Castle Fishery 
catch could be described in terms of the total Derwent 
declared catch as follows:-
IV.B. The separation of catch into different sea age 
categories by weight:-
The results of scale readings carried out between 1938-
1956 are shown in Table 2A. As relatively few three sea-
winter salmon were caught the catch was divided into 1 
sea-winter (1SW) and multi sea-winter (MSW) age groups. 
The weight which most effectively separated the catch 
into the two age groups is shown in Table 2B, together 
with the number of fish aged as 1SW/MSW and categorised 
as 1SW/MSW using discriminant analysis. The error was 
significantly higher for MSW fish than for 1SW salmon 
(p<0.05). 
The median weight of 9.51bs (4.3kg) was used to classify 
fish; 1 sea-winter (1SW) salmon being less than or equal 
to 9.51bs and multi sea-winter (MSW) salmon >9.51bs. This 
resulted in an over estimation of the 1SW component by 
16% and a 10% under estimation of the MSW component, 
Table 2C. 
IV.C. Temporal pattern of catch:-
The overall pattern from 1923-1991 is one of a slight 
increase in the annual number of salmon caught, 
(Figure 3), the mean percentage change per year being 
2.74%. 
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This relationship estimated the 1990 and 1991 catches for 
the Castle Fishery to be 557 and 650 respectively. 



Table 2C. The effect of using 9.51bs to separate 1 sea-winter 
and multi sea-winter salmon. 
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Figure 3. Total rod and line salmon catches 1923-1991 
with the five year moving average. 
Though there was considerable variation in catch between 
years, the trend was for catch to increase steadily over 
the period 1923-1958. This was then followed by a 
dramatic decline in catch in 1959 and may have been 
associated with the year being extremely dry. After which 
catches increased steadily reaching a peak in the mid 
sixties, before declining towards the end of the decade. 
During the 1970s and most of the 1980s the catch remained 
relatively stable fluctuating between 300 and 600 salmon 
per year until 1988, when the number of salmon caught 
increased 7 fold. The 1988 catch represents the greatest 
number of salmon caught in any given year during the time 
period under investigation. 
The pattern of catches was also analysed on a bimonthly 
basis. The catches were concentrated in the later months 
of July-October. The trend indicates that the there was 
no change in the numbers caught during the period March -
June, while in the later half of the season (July -
October) catches increased steadily (Figure 4). 
The age composition of the catch also changed over the 
time period (Figure 5). From 1923-50 multi sea winter 
(MSW) salmon were, for most years, the largest proportion 
of the catch. After this the one sea-winter (1SW) salmon 
dominated the fishery, in terms of the proportion of the 
catch. The 1SW salmon increased from being approximately 
20% of the catch in 1923 to around 80% by 1987. The rate 
of change for both age groups was 0.988% per year. 
The bimonthly pattern in terms of the proportion of 1SW 
salmon and MSW salmon (Figure 6) indicates that the 
percentage of fish <. 9.51bs caught between March to June 
have not changed, while for the months July to October 
the pattern is similar to the overall trend shown in 
Figure 5. [In the period March to April the 1SW category 
should be taken to represent MSW salmon of < 9.51bs.] 
IV.D. Temporal change in the proportion of the catch 
taken per month:-
The proportion of the catch taken in each month was 
averaged over a decade and plotted as a cumulative 
frequency (Figure 7). For the years 1988 - 1991 the 
proportion caught per month was determined from catch 
returns reported to the NRA and its predecessor North 
West Water, covering the whole Derwent catchment. 
The times at which 75%, 50% and 25% of the catch was 
taken are presented in Figure 8, and suggests a cyclical 
trend. The 20's, 30's and 40's being later when compared 
with the 50's , 60's and 70's. The trend in the 80's 
seems to be for the catch to become later. The variation 
being around 2 - 4 weeks. A similar pattern was also 
evident for each sea age group (Figures 9a-b). 
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Figure 4. Bimonthly catches of salmon 1923-1987 
Figure 5. Proportion of 1SW (<9.5lbs) and MSW (>9.5lbs) 
salmon caught between 1923 - 1987. 
of the total catch of fish 
Figure 6. Bimonthly percentage of 1SW & MSW salmon, 1938-87. 
Figure 7. Cumulative frequency of catch (1923 - 1991) 
Figure 8. Temporal variation in the proportion 
of salmon caught. 
Month 
Figure 9a. Cumulative frequency plot of monthly catch 
of 1SW (<9.5lbs) salmon between 1938 - 1987. 
Figure 9b. Cumulative frequency plot of monthly catch 
of MSW (>9.5lbs) salmon between 1938 - 1987. 
IV.E. Inter and intra sea age comparison of catches:-
The catch of salmon classified as 1SW was not 
significantly correlated (p>0.05) with the catch of MSW 
salmon the following year. Box-Jenkins autocorrelation on 
1SW salmon indicated a significant positive correlation 
with catches 1-8, 10 and 11 years previous (r = 0.29 -
0.53) at p<0.05, and at 9 and 14 years (r = 0.24 - 0.25) 
for p<0.10. For MSW salmon catches were significantly 
positively correlated with catches 2,4,8 and 10 years 
previous (r = 0.26 - 0.35) at p<0.05, though not for 6 
years (r = 0.21, 10<p>20). 
IV.F. The relationship between catch and flow:-
There is a direct relationship between river flow 
(cumecs) and rod catch over the period 1961-1987. The 
transformed (logio n+1) relationship indicated that daily 
flow accounts for between 6.2% and 48.9% of the 
variability in daily catch for the months June to October 
(Table 3). The logio (n+1) relationship for August is 
shown in Figure 10 as an example. 
In order to consider the influence of flow on the catches 
between years 1961-1987, the monthly catch was plotted 
against a Flow Index; the mean daily flow for each month 
for year n as a proportion of the mean monthly flow for 
the period 1961-1987 (Figure 11). 
Mean daily flow for month X (yr n) 
F.I. % = — X 100 
Mean daily flow for month X (1961-87) 
where F.I. = Flow Index 
The transformed (log^o) Flow Index accounted for between 
29.3-77.8% of the variability in salmon catches, for 
the months July-October (Table 4). However for June the 
linear relationship accounted for a greater proportion of 
the variation, 43.2% as opposed to 3.3%. The direct 
relationship between catch and Flow Index indicates that 
higher catches are associated with higher than average 
flows. 
For between year comparisons the annual catch was 
transformed to average flow conditions as follows: 
i - 10 
"s— Catchy * Mean Daily Flowi (1961-1987) 
Mean Daily Flow^n 
i = 6 
i = Month 
n = Year 
Adjusted 
Catchn = 
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Table 3. The coefficient of determination (R2(adj)) for 
the linear and LoglO relationship between daily catch and 
daily flow from June to October. 
Month 
June 
July 
August 
September 
October 
Total 
Linear 
13.2% ** 
17.0% ** 
17.8% ** 
17.0% ** 
0.0% 
9.9% ** 
Logarithmic 
14.2% ** 
28.8% ** 
48.9% ** 
40.7% ** 
6.2% ** 
33.3% ** 
** = P<0.001 
Table 4. The coefficient of determination (R2(adj)) for 
the linear and LoglO relationship between monthly catch 
and Flow Index. 
Month 
June 
July 
August 
September 
October 
Linear 
43.2% ** 
17.2% ** 
37.2% ** 
30.2% ** 
0.0% 
Transformed(LoglO) 
3.3% 
53.9% ** 
77.8% ** 
63.2% ** 
28.4% ** 
** = p<0.001 
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Figure 10. The relationship between daily rod catch 
and daily flow for August (1961-87), together with 
the 95%, 75% and 50% exceedence values. 

The linear relationship was used for June and the Logxo 
for the months July-October. 
The adjusted catch together with the annual catch are 
shown in Figure 12. The adjusted trend indicates that the 
elevated catches from 1961 to 1967 were associated with 
above average flow conditions. In contrast to the period 
1971-76 where flow was, on the whole , below average. 
Adjusting the catch to average flow conditions suggests 
that the most salmon would have been caught over the 
period 1971-76 as opposed to between 1961-67. 
IV.G. Flow requirements for catching salmon:-
Figure 13a and b show plots of cumulative catch for each 
month against flow and percentile flow respectively. The 
figures indicate that for any particular catch percentile 
the actual flow increases, while the percentile flow 
decreases during the season. The values are presented in 
Tables 5 and 6. In June-September the median catch occurs 
between the 85-69%ile flow, decreasing to approximately 
50%ile flow for October. The indications are that high 
flow in June - September are especially important in 
maintaining catches, while for October the catch follows 
more closely flow availability. 
The occurrence of flows, the total catch and the 
standardised catch per flow day for each range of flows, 
for the months June - October over the period 1961 - 1987 
are shown in Figure 14 a-e. At the upper end of the flows 
available considerable variability exists in both total 
catch and standardised catch per flow day. This in part 
reflects the low number of occurrences of high flows 
compared with flows at the lower end, where the data is 
more robust. As a consequence of this variability the 
catch data has been smoothed to aid interpretation. 
It is evident from Figure 14 that the best flows for 
fishing are at the upper end of those available. As flows 
increase the number of fish caught per flow day steadily 
increases reaching a peak at approximately 30 cumecs in 
June, at around 40 cumecs for the months July -
September, while for October the optimum flow for fishing 
was lower at 20 cumecs. The pattern after the peak is not 
clear, reflecting the low availability of these higher 
flows. 
Flows less than the optimum may be regarded as critical 
to the overall performance of the fishery. In order to 
combeine the data from all months, both standardized 
catch and flow were expressed as a proportion of the 
critical flow value. For flows less than the critical 
flow the relationship between standardized catch and flow 
is shown in Figure 15 and can be described by the 
equation: 
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Figure 12. Adjusted and actual rod catch, 1961 - 1987. 
i i . i ; i < ' ' • • ' - ' • • 
Figure 13a. The relationship between percentile catch 
and actual flow for the months June - October (1961-87). 
Figure 13b. The relationship between percentile catch and 
percentile flow for the months June - October (1961-87). 
% Catch 
Table 5. Percentile flow against percentile catch. 
Table 6. Actual flow against percentile catch. 
- 29 -
Figure 14a. The occurrence of flow, total catch 
and standardised catch per flow day. 
Figure 14b. The occurrence of flow, total catch 
and standardised catch per flow day. 
July 1961-1987 
Figure 14c. The occurrence of flow, total catch 
and standardised catch per flow day. 
August 1961-1987 
Figure 14d. The occurrence of flow, total catch 
and standardised catch per flow dav. 
Figure 14e. The occurrence of flow, total catch 
and standardised catch per flow day. 
Figure 15. The relationship between catch of 
salmon and flow. 
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Thus from the daily catch records it is possible to 
estimate the critical flow catch in any given month and 
for flows less than the critical flow it is also possible 
to predict the daily catch. 
It is thus possible to estimate the effect of flow* less 
than the critical flow, on daily catch. However, 
considerable variability does exist between months; for 
example in June a reduction of flow by 20% results in a 
reduction in catch of close to 60%, while for August 
catch declines more slowly, a 60% reduction in flow 
resulting in a 13% reduction in catch* 
IV .H. Rod catch and Goops fishery:-
The catch data from the Goops fishery, between 1948-56 
were compared with that from the rod fishery, both for 
the total season, and that taken between March and August 
inclusive. These latter months corresponded to the time 
of year the Goops fishery was mainly in operation. 
Figure 16a and b show the relationship between the total 
rod catch and total Goops catch, for 1SW and MSW salmon, 
using both total season and March - August totals •» Only 
for 1SW salmon caught between March - August, the catch 
of MSW salmon during the rod season and the daily catch 
were the relationships significantly correlated (Table 
7). In addition the mean weight of fish caught each year 
in the Goops, was significantly correlated (p<0»001) with 
that from the rod fishery (r = 0.85). 
IV*I* The count of fish at Yearl, rod cafcGh and flow. 
It was only possible to examine this relationship using 
data from June 1981, July 1981 & 1982, August 1981 & 
1982, September 1981 and October 1980 & 1981. No 
significant relationship existed between the monthly or 
daily rod catch and the number of fish passing upstream 
pass Yearl Weir (p = 0.41 and 0.50, respectively). 
Figure 16. A comparsion of the catch in the Coops Fishery 
with that taken by the rods in : 
Table 7. The correlation coefficient for the following relationships. 
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For each flow range the total count and catch were 
determined, divided by the number of days on which that 
flow occurred and expressed as a proportion. The pattern 
for the period June - September (Figure 17 a-d) was for 
the percentile count to exceed percentile catch for flows 
less than approximately 35 cumecs. At greater flows 
percentile catch followed closely availability (counts). 
However in October (Figure 17e) the pattern was reversed 
when at all flows percentile catch exceeded that for 
counts. This may reflect a change in catchablity or in 
the amount of effort expended at times of low flow. 
V. Discussion 
The overall pattern in rod catch shows similar 
characteristics when compared to other salmon catch data 
from around the British Isles, of considerable 
fluctuations in the number of salmon caught between 
years. Reasons for these fluctuations are numerous and 
have been reviewed by Chadwick (1985). 
The pattern in the Derwent of elevated catches during the 
middle 1960s and for a particularly high catch in 1988 is 
similar to that found on other river systems. Though the 
peak catch in the Derwent was in 1963 (excluding 1988), 
it occurred slightly earlier when compared with that 
reported from other rivers in North West England (Eden, 
Lune and Ribble) of 1966 (North West Water, 1977). 
The decline in the multi sea winter component of the 
catch and the increase in the one sea winter component 
has also been reported from other British Isles rivers 
(Churchward & Hickley, 1991; Gee & Milner, 1980; Mawle, 
1992; Shearer, 1992; Solomon, 1992; Wessex Water,1986). 
The indications are that the age at which salmon mature 
is, at least partially, under genetic control (Elson, 
1973; Hankin et. al., 1993; Piggins, 1974; Ritter et. 
al. , 1986; Schaffer & Elson, 1975) and conditional on the 
fish reaching a threshold size which is greater for MSW 
salmon than grilse (Hankin et. al., 1993). The time taken 
for the fish to reach threshold size being dependent on 
their growth rate, which will in part be dependent on the 
prevailing environmental conditions. It would appear from 
the studies of George (1991) and Martin & Mitchell (1985) 
that warm marine conditions favour the return of salmon 
after two or more winters at sea , while under cooler 
conditions salmon tend to mature after one sea winter. 
According to George (1991) the prevailing marine 
conditions, since 1960, have favoured salmon returning as 
grilse. This may indicate that oceanic production, during 
the main feeding period, is higher under cooler 
conditions and hence growth rates faster. 
Certainly, Scarnecchia (1984) found with salmon from 
Icelandic waters that delayed maturity was associated 
with poor marine feeding conditions. 
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Figure 17a. Cumulative frequency plot of flow and count 
and catch per flow day for June (1981). 
Figure 17b. Cumulative frequency plot of flow and count 
and catch per flow day for July (1981-82). 
Figure 17c. Cumulative frequency plot of flow and count 
and catch per flow day for August (1981-82). 
Figure 17d. Cumulative frequency plot of flow and count 
and catch per flow day for September (1981). 
Figure 17e. Cumulative frequency plot of flow and count 
and catch per flow day for October (1980-81). 
The age analysis carried out between 1938 - 1956 
indicated that the catch consists mainly of 1SW and 2SW 
salmon and historically it would appear that this has 
always been the case. The absence of any significant 
correlation between the catch of 1SW salmon and the catch 
of MSW salmon the following year may indicate; 1) the 
error generated when using weight to classify the sea age 
groups masked any relationship, 2) that a significant 
portion of the 3SW fish contributed to the catch and 
3) that the freshwater age was not predominantly of one 
age group. In the future these problems can obviously be 
dealt with by way of a sampling programme. If, however, 
this absence of a correlation is real then this suggests 
considerable variability in marine survival and/or 
riverine fishing mortality (either as fishing effort 
and/or catchability) between years. It would thus appear 
that without additional information it is not possible to 
use the 1SW catch as a predictor of the following year's 
MSW catch. On other river systems such a capability has 
varied from high with 64% - 98% of the variability in the 
2SW catch or catch per unit effort being explained by the 
previous year's 1SW catch in three Icelandic rivers 
(Kristjansson, 1983 (cited by Bielak & Power, 1986)), to 
low; 14.9% in the River Wye (Gee & Milner, 1980) and 7.3% 
in the Godbout River (Bielak & Power, 1986) to being 
similarly independent as in the Adour (Cuende & Prouzet, 
1992) . 
For a predictive capability it would appear that the 1SW 
and MSW catches are more closely correlated with previous 
year's catches of the same age group. For the 1SW and MSW 
fish, the lag period consists of multiples of one and two 
years respectively, the biological significance of which 
is not clear. A more biological meaningful correlation 
was detected for salmon in the Hampshire Avon where 
catches showed a 3 - 4 year periodicity which coincides 
with the age structure of the population (Wessex Water, 
1986). In addition Wessex Water (1986) reported a larger 
underlying oscillation of 20 - 30 years and suggested 
that it represented real changes in the size of the 
population as the pattern was reflected in both the 
commercial and recreational catch data. 
Over the study period the timing of the catch was shown 
to have a cyclical periodicity with the median catch date 
in the 1930s and 1940s being on the whole later than 
during the 1950s and 1960s before again becoming later. 
Though it was not possible to identify the trend for each 
sea age group over the whole period under investigation 
the pattern for the 1SW and MSW salmon from 1938 to 
present follows a similar trend. For 1SW salmon this 
contrast with the findings of Gee & Milner (1980) on the 
River Wye where the median catch date for the period 1962 
- 1977 was 48 days later when compared with the period 
1908 - 1939, and suggest a late running trait may be 
developing within this group. Certainly from the study by 
Hansen & Jonsson (1991) run timing appears to be under 
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genetic control, however the selection pressure required 
to initiate the change does not appear to have been 
universal to all river systems. The change in run timing 
on the River Wye may reflect a change in the pattern of 
exploitation with an increasing proportion of the total 
fishing effort taking place in the latter part of the 
fishing season. A similar explanation was given by Bielak 
& Power (1986) to account for changes in the sea age 
composition of the catch in the Godbout River. In the 
River Derwent the most likely explanation for the change 
in catch time is that it reflects changes in local (in 
river) conditions, in particular flow. Certainly the 
1960s was a period of above average flows during the 
period June - October. 
The importance of flow for salmon migration has been 
reviewed by Banks (1969) and Jonsson (1991) and 
demonstrated by Alabaster (1970), Cragg-Hine (1984) and 
Smith (1991). Flow has also been shown to be one of the 
main factors affecting rod catch (Alabaster, 1970; Bunt, 
1990; Clarke et. al., 1990; Gee, 1980; Millichamp & 
Lambert, 1966; Potts & Malloch, 1991). Similarly findings 
were also apparent on the River Derwent, where the rod 
catch was strongly influenced by flow, though more in 
some months than others. It is thus essential that when 
catch is being interpretated cognisance in given to the 
prevailing flow regime. Adjusting the rod catch to 
average flow conditions does present a different 
interpretation of the catch record, the high catches in 
the early and middle 1960s may have resulted at least in 
part from the elevated flows during this period. 
Similarly the catches in the early 1970s may not have 
been a reflection of reduced stock size but merely an 
expression of the effect of flow on catchability, as 
migrating fish are likely to be more catchable, and/or on 
the amount of effort. 
The influence of flow on the rod catch over the period 
June - October was not constant, by October flow only 
explained 6.2% of the variability in catch compared with 
between 14.2% - 48.9% for the months June - September. 
This reflects the higher occurrence of flows at the 
higher end of those available and with the increased 
availability of these higher flows the effect will be 
less pronounced. 
If it is assumed that both stock and effort are 
proportionate between months then the fact that in 
October a higher proportion of the catch was taken at low 
flows would suggest a change in catchability of salmon in 
the autumn. A similar conclusion can be reached when 
comparisons are made between the cumulative frequency 
curves for catch and abundance, measured as counts at 
Yearl weir. Such a change in catchability has been 
reported from behaviour studies which showed that salmon 
were more susceptible to capture during the initial 20 
days following entry into fresh water and then again 
towards the end of the fishing season (Clarke et. al., 
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1990; Laughton, 1991; Solomon & Potter, 1991). This may 
also explain why flows in the autumn were less 
significant in influencing catch than in the months June 
- September. Alternatively if catch and effort are not 
proportionate between months ie constant catch per unit 
effort then the pattern may indicate an increase in 
effort in October irrespective of flow conditions. 
Certainly the 1991 log book returns from game anglres 
indicate that approximately 45% of the total season's 
fishing effort takes place in October (Aprahamian, 1993). 
An ability to model the effect of flow on catch, though 
only for flows less than the optimum, does enable the 
impact of artificially reducing the discharge on the 
performance of the fishery to be evaluated, on a day to 
day basis. Of the factors that are known to affect catch 
notably stock size (Beaumont et. al., 1990: Solomon & 
Potter, 1991) and effort (Mills et. al., 1986), the 
effect of between year variations in stock size will have 
been reduced as the model was based on standardised 
catch. However any effect of between year differences in 
effort will not have been taken into account. 
The general trend was for catches to increase with 
increasing flow up to a peak after which the prevailing 
pattern is unclear. This increase in catch with 
increasing flow may reflect an increase in the number of 
fish available, effort and/or catchability. For flows 
greater than the optimum the pattern is not clear 
reflecting the high variability in catches at these flows 
and the low occurrence of flows in the above optimum 
range. 
Except for the investigations by Baxter (1961) and 
Stewart (1969) there have been few studies which aim to 
set flow requirements for salmon fishing, and this may 
reflect lack of available data. From the analysis of 
daily catch and flow data over a 27 year period it is 
suggested that flows in excess of the optimum can be made 
available too offstream users. If there is a requirement 
to artificially reduce flows below the optimum then the 
effect of this reduction on the performance of the 
fishery can be quantified and evaluated against the needs 
of the offstream users. 
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